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Abstract

We are developing tools to help maintain a complete,
accurate and timely problem list within a general
purpose Electronic Medical Record system As a part
of this project, we have designed a system to
automatically retrieve medical problems from free-
text documents. Here we describe an information
model based on XML (eXtensible Markup Language)
and compliant with the CDA (Clinical Document
Architecture). This model is used to ease the
exchange of clinical data between the Natural
Language Understanding application that retrieves
potential problems from narrative document, and the
problem list management application.

Introduction

Growing interest in better ways of organizing the
Electronic Medical Record has generated new
attention to the medical Problem List, a classical part
of the Problem-Oriented Medical Record. This paper
presents a small part of a larger project, which
consists in building an environment where the
Problem List, is easily and effectively maintained. To
this end, a Natural Language Understanding (NLU)
application that will harvest potential Problem List
entries from the multiple freetext electronic
documents available in our EMR (Electronic Medical
Record) will be developed and tested. These
potential problems will drive an application designed
for the management of the problem list in an
environment where the computer does much of the
initial problem identification. The problems identified
will be proposed to the physicians for addition to the
official Problem List.

To alow the exchange of clinica information
between the NLU application and the problem list
management application, an information model is
needed and is described in this paper. The existence
of such a common data model has been shown to be
essential to knowledge exchange if Ilaborious
reworking is to be avoided®. In our case, it is used to
represent medical problems and the documents from
which they were extracted.

Background
More than three decades ago, Larry Weed proposed
the problem-oriented medical record as a remedy for
the complexity of the medical knowledge and clinical
data, and for weaknesses in the documentation of
medical care*®. He noted the lack of consistent

structure and content in the progress notes that make
up alarge part of the medical record. He proposed a
standard approach emphasizing a list of patient
problems that is scrupulously maintained by those
caring for the patient. This problem list serves the
dual purpose of providing a brief, formal summary of
the patient’s illnesses and of acting as a tool for
organizing the routine documentation of the
physician’s decision-making process and the plan for
and results of care.

The problem-oriented, Computer-based Patient
Record (CPR) and the problem list have seen renewed
interest as an organizational tool in the recent years*®,
but most of today’'s patient records remain time-
oriented.

The Ingtitute of Medicine report on the CPR™®
recommends that it contain a problem list that
specifies the patient’s clinical problems and the status
of each. It mentions advantages to this approach: the
problem list can be the central place for clinicians to
obtain a concise view of all patients problems; this
list facilitates associating clinical information in the
record to a specific problem and the Problem List
can encourage an orderly process of clinical problem
solving and clinical judgment. The problem list in a
problem-oriented patient record also provides a
context in which continuity of care is supported,
preventing both redundant and repeated actions®.

At Intermountain Hedth Care (IHC) , a hedth
maintenance organization serving Utah, a new
version of our Clinical Information System (HELP 2)
is in development. It features a problemoriented
medical record, and the problem list is therefore its
central component. This problem list is maintained
through web-based tools, and uses a terminology of
about 60,000 concepts provided by the 3M Health
Data Dictionary (HDD). Already in use in the
outpatient setting, the current version of the problem
list is often incomplete, inaccurate, out-of-date or
even not used at all. The global aim of our project is
to automate the process of creating and maintaining a
problem list for hospitalized patients and thereby help
to guarantee the timeliness, accuracy and
completeness of thisinformation.

The patient record contains a considerable amount of
information, but, commonly, most of the recorded
clinical information is unstructured text, also called
free-text. These free-text documents largely represent
patient history and reports of therapeutic interventions
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or clinical progress and make up a substantial part of
the medical record, providing information leading to
the final diagnosis in 76% of the cases®. Free-text is
still the most user-friendly and expressive way of
recording information, but the increasing use of
encoded data and the requirement for standard
medical data set creates aneed for coded information
instead. As a possible answer to this problem, Natural
Language Processing can convert narrative text into
coded data, and therefore extend the use of the CPRY.

Several groups have evaluated techniques for
automatically encoding textual documents from the
medical record. The Linguistic String Project has
developed a series of tools for analyzing medical
text''. X-ray reports appear to be an especially fertile
ground for NLU. Two groups have developed
systems whose focus is the radiologist’s report of the
chest xray. Zingmond has applied a semantic
encoding tool to these reports to recognize
abnormalities that should receive follow-up®, and
Friedman has studied techniques for encoding
interpretations found in these reports®®, In addition,
Friedman and her colleagues have studied NLU in
mammography reports’®, neuroradiology reports,
and discharge summaries’’. Good performance was
demonstrated. Our Medical Informatics group at the
LDS Hospital and the University of Utah has focused
its NLU research on reports for chest radiographs®®
emphasizing pneumonia-related data?>?. The latest
version of the NLU application, called MPLUSZ,
provides a syntactic analysis based on a context-free
grammar with a bottomup chart parser, interleaved
with the semantic analysis using Bayesian Networks
(also called belief networks). This application is being
adapted and developed to retrieve medical problems
in many different types of free-text documents.

Information models for clinical data or documents
facilitate the extraction of patient information, serve
as a framework for combining patient data from
multiple sources, and allow sharing medical decision-
support logic and patient care applications. Some
research has already been done in the development of
medical data models, like the Event Model proposed
by Huff, Rocha et a.!, or the model proposed by
Sager et a.™* to facilitate document retrieval. Models
for medical documents were also proposed, like the
first ANSI-approved healthcare standard: the HL7
CDA (Clinical Document Architecture)®®. It uses
XML?® to facilitate the exchange of documents
between users. A successful prototyping of a CDA -
based structured discharge summary system was
implemented between the clinical environment and
the community environment of family practice?®. In
addition, Friedman, Hripcsak et al.?” proposed a

document model designed using XML, and used an
NLP (Natural Language Processing) application to
automatically create an enriched structured document
consistent with the model and containing references
toidentifiersin the original unstructured document.

XML is a data storage toolkit, a configurable vehicle
for any kind of information, and an evolving open
standard embraced by everyone. It can store and
organize any kind of data, offers many ways to check
the quality of documents, and is easy to read and
parse by humans and programs alike. It is a subset of
SGML (Standard Generalized Markup Language, SO
standard 8879:1986)8, and like the latter, it is not
itself a markup language like HTML, but a set of
rules for building markup languages. XML
documents are validated against DTDs (Document
Type Definition) or XML Schemata (also called
XSD)?®. The latter is the new version of metadata for
XML documents. Like the DTDs, XML Schemata
provide a mean for defining the structure, content and
semantics of XML documents, but have advantages
like being themselves written in XML and providing
better data types definition. Even if not yet part of the
official XML specification, they will probably soon
replace the DTDs. In the healthcare field, many
authors report the use of SGML or XML to tag
medical documents®32.

The Unified Modeling Language (UML)® is a
graphical notation used to express software and data
designs, and is the successor of the wave of object-
oriented analysis and design methods. It is widely
adopted as the de facto industry standard and is an
OMG (Object Management Group) standard. In the
healthcare domain, some authors recently reported the
use of UML for analysis and design of secure HIS
(Health Information Systems)**, for HIS architecture
description®, and for system design in public health
informatics™®.

Model Description

The development process for the models described
here began with the analysis of the processing steps
of the NLU application and of the problem list
management application. Research to identify the
desired characteristics for problems in the list
followed. The final selection comprises twenty
characteristics, inserted in the medica problem
model.

Two related models were developed to alow linking
of the problem to the document and to the sentence(s)
the problem was extracted from: the Medical Problem
Model and the Medical Document Model. This will
give users the ability to track the source of the
proposed problems, as shown on figure 1. This back
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link is also an essential feature to enable traceability
and quality control of the NLU results. These two
models form the Information Model of our system.
The Terminology Model is based on the HDD cited
above. This model uses a subset of a Problem
hierarchy that includes one hundred problems of
diagnosis type (as opposed to problems of history,
investigation, or sign/symptom type). Following
development and prototyping, the mode will be
extended to all the problems present in the HDD. The
hundred problems were selected based on their
frequency of use a IHC in general and in the
specialized domain of the future implementation of
our project (cardiovascular).

XML Schema for XML
Problem Model document:
Problem(s)

XML
generation

XML Schema for
Document Model
= CDA Schemata

NLU
(syntax and
semantic
analysis)

Free-text
medical
document

Link to
original
sentence

XML
document:
Document

Fig. 1: Diagram of the system

The models were conceived and represented in UML,
as depicted in figure 2, and implemented in XML, as
XML Schemata. XML was selected for its increasing
use and for the availability of numerous commercial
and publicly available software.
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Fig. 2: Medica Problem and Document Model
(UML class diagram, simplified from the
CDA RIM (Reference Information Model)).

The XML Schemata will be used by the application
generating the XML output, to ensure validity of the

latter (see figure 1). The two following sections
describe these two modelsin more details.

Medical Problem Model:

In this model, the problems were split into four
different components, corresponding to each main
level of freetext document processing by the NLU
application and subsequent management by the
Problem List user. The Termis at the word level, the
Concept at the sentence level, the RawProblemat the
document level, and the Problem at the problem list
level, after addition and refinement by the user of the
list. Components are related by composition
relationships (“is &'), meaning that one Term is
related to one Concept(s), that one Concept is related
to one RawProblem(s), etc.

Medical Document Model:

Among the necessary features of a problem list, as
suggested by Campbell?, a history of change is cited.
All transactions on items in the problem list will be
recorded. To alow users of the list to track the source
of the proposed problem at the sentence level, we first
designed a simple document model composed of
three elements (Document, Section(s), and
Sentence(s) ). The result would have been a model

giving the source tracking capability, but only
compatible with our system. To take full advantage of
the NLU and XML generation processes, we then

decided to base our Document Model on an existing
standard: HL7's CDA. This decision made the Model
more complex, but will allow better compatibility and
exchange of the resulting XML documents, since
these will be CDA-compliant. Our development is
based on the latest version of the CDA: the Release
Two (April 2003), rather than the Release One, even
if the latter is already a recognized standard and the
former only aworking draft.

Relationships between the models will be multiple,
relating Problem characteristics to some CDA classes

or attributes, like Clinician to
Clinical Document.author, Source to
Clinical Document.code, ConceptID to

StructuredBody...Observation.code, etc.

Validation through an example:

To demonstrate the use of these models, the following
example is proposed, from the free-text note (figure
3) to the XML documents (figures 4 and 5). In this
case, the problem retrieved by the NLU application
would be “acute abdominal pain”, beginning with
“pain” at the Term level, and adding the chronicity
“acute” and anatomical location “abdomen” at the
Concept level. Further analysis of the note at the
discourse and document level would give the
information needed to instantiate the models.
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CONSULTATION NOTE:

Consultant: Stephane Meystre, MD

Patient: xxx Date: August 11" 2002
History of Present lliness:

Patient is a 25-year-old male, referred for acute
abdominal pain. Onset of the pain one day ago, in the
periumbilical region, with subsequent migration to the
right iliac fossa...

Fig.3: Consultation note.

Part of the resulting XML document for the note is
shown in figure 4:

<L-CDA header -->
<id extension="12345678" root="IHC"/>
<code code="11488-4" codeSystem="LOINC"
displayName="CONSULTATION NOTE"/>
<effectiveTime value="20020811"/>
<author>
<name>
<given>Stephane</given>
<family>Meystre</family>
<suffix>MD</suffix>
</name>
</author>
<recordTarget>
<patientRole>

</patientRole>
</recordTarget>
<L-CDA body-->
<component>
<StructuredBody>
<component>
<section id="s1">
<code code="10164-2" codeSystem="LOINC"
displayName="History of Present lliness"/>
<text>
Patient is a 25 year old male, referred for
<content ID="p1">acute abdominal pain
</content>. Onset of the pain one day ago,
in the periumbilical region, with subsequent
migration to the right iliac fossa.
</text>
<component1>
<Observation>
<code code="1450279" codeSystem=
"IHC_NCID" displayName="abdominal
pain"/>
<effectiveTime value="20020811"/>
<reference idref="p1"/>
</Observation>

<NotedDate>2002-08-11</NotedDate>
<OnsetDate>one day ago</OnsetDate>
<EncounterlD>789000</Encounter|D>
<Clinician>Stephane Meystre, MD</Clinician>
<BodySystem></BodySystem>
<ProblemID>1450279</ProblemID>
<Concept>
<Certainty>definite</Certainty>
<Chronicity>acute</Chronicity>
<BodyLoc>abdomen</BodyLoc>
<ConceptlD>1450279</ConceptID>
<Term>
<NameFound>pain</NameFound>
<NamePref>Pain</NamePref>
<TermID>30722</TermiD>
</Term>
</Concept>
</RawProblem>
</Problem>

Fig. 4: XML document for the consultation note.

The resulting XML document for the problem is
shownin figure 5:

<?xml version="1.0" encoding="UTF-8"?>

<Problem xmins:xsi="http://www.w3.org/.../ProbModel.xsd">

<Priority>medium</Priority>

<Confidentiality>confidential</Confidentiality>

<Status>active</Status>

<RawProblem>
<DocCertainty>definite</DocCertainty>
<DocChronicity>acute</DocChronicity>
<DocBodyLoc>abdomen</DocBodyLoc>
<Source>123456</Source>
<ProblemType>symptom</ProblemType>

Fig. 5: XML document for “acute abdominal pain”.

Discussion
The purpose of the models described in this paper is
to ease the exchange of clinical data between different
clinical applications and subsystems. These models
accommodate the representation of medical problems
and their expression in clinica documents, with a link
between the retrieved problem and its source at the
word level. The current Problem List & IHC and the
enhanced version we are developing are and will be
based on pre-coordinated concepts, avoiding
composition that adds a lot of complexity and is
barely used and proneto errors.
To be able to improve the sensitivity and precision of
our NLU application, unknown concepts will be
tagged. This will later be used to complement our
knowledge base and refine the NLU application.
The planned future work on this project will consist
of the NLU application development for text analysis
at the discourse and document level. We will make
changes to the underlying technologies to improve the
sensitivity and precision of the tool. We will also
extend our system to “simple” problems (e.g.
findings). The needed knowledge base for finding-
disease, finding-finding, and disease-disease
relationships will be based on the HDD ontology,
eventually complemented with knowledge bases
aready used for this purpose, like QMR (Quick
Medical Reference). The NLU application will then
be evaluated in alaboratory resource’ sfunction study,
for recall (sensitivity) and precision (positive
predictive value). The last step will be development
and implementation of the problem list management
application in an inpatient setting (cardiovascular
ward). The evaluation will be a field resource's
function study.
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